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Overview
§ Regulation and testing

► Definitions & Categorization
► Prioritization and Exclusions

§ Case studies
► Photocatalytic cement
► Foamed celluloid
► Printed technologies

• 2D printed nanosilver circuit
• 2D printed Temp/humidity sensor
• 3D printed applications
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Are Advanced Materials Sustainable:
For Soldiers?  For the Environment?

§ Typical concerns, include unique:
► Properties
► Fate, exposure, health effects
► Uncertainty, regulations, liability
§ Emerging concerns

► Additive manufacturing / 3D printing
• Intellectual property, STL files
• Direct exposure (garage, not industry setting)
• ASTM F42.06: EHS
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NanoEHS Tool Development
Incorporation 

into DoD 
Systems 

Acquisition 
(OSD) 

guidance 
document

Collier et al., Journal of Nanoparticle 
Research, 2015. 17(3):155POC: Alan.J.Kennedy@usace.army.mil
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What is Nano NAV-PAL?
§ Nano-enabled NAVigation for 

Product Acquisition and Liability
§ Tool to help small businesses:

► enable evaluation of EHS risks of 
integrating nanomaterials into products 

► Identify resources (tools, databases) for 
EHS risk assessments
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Nano DON’T!
§ Nano Database Of NO-effect Thresholds
§ https://nano.el.erdc.dren.mil/
§ Disseminate to help tech development
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Options for metal catalyst:
Toxicity: CuO > Fe2O3 > Bi2O3

Kennedy et al 2014. Nanotechnology Environmental Health 
and Safety:  Risks, Regulation and Management – Second 
edition. Elsevier, 2014.

Kennedy et al., Environ Sci Technol, 2013, 47, 11258-11267
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What is Nano?
…Advanced Materials?
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Do we care about SIZE, PROPERTIES, OR BOTH?

Size before properties or properties before size?

CNT 3D printed puck:
Advanced or additive?

Nanomaterial (Rule for Manufacturers and Processers;
EPA TSCA Section 8a) …solid (25 ºC, 1 ATM); 1 – 100
nm in one dimension and at least 1% particles by mass;

“…size-dependent property different from properties at sizes
greater than 100 nm and is a reason the chemical is
manufactured…”

Advanced Materials (ERDC): “materials intentionally
engineered to exhibit novel or enhanced properties that
confer superior performance relative to convention”

RISK PRIORITIZATION: “Highly uncertain risk profile
and the potential to adversely impact environmental
health and safety due to (1) direct chemical hazard;
(2) components produce hazard; (3) unique
release/exposure”

Additive Manufacturing: “a layer-by-layer process of
producing 3-dimensional objects directly from a digital
model, unlike conventional or subtractive manufacturing
processes” (GAO, 2015)
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Categorical Exclusions 
from Nano-specific release testing

Intentionally engineered:
►Nanoparticles that in application 

are sintered together outside 
nano-range

►Nanostructures (“break off”?)

►Nanofilms are not particles

Incidentally released
►Particulates from matrix?

Low hazard properties?
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Brame et al 2015. Environ Sci Technol 2015, 49, 11245−11246
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Photocatalytic Cement Mortar
Tier 1: Background, Life Cycle Thinking, 

Characterization, Categorization
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§ Photocatalytic ENM

§ Scenario: Used in seawall; 
UV, weathering, abrasion 

Diamond et al., 2017, submitted

Size (nm)
(SEM)

DLS
(nm)

SA
(m2/g)

VSSA
(m2/cm3)

34 ± 12
(17 – 74)

193 ± 2
(71 – 443)

57
(35 – 65) 241
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Dichotomous key: Self cleaning cement

1. The material is:
a) Completely dissolved or water soluble (25 ºC; 1 atm)…Terminate classification 
b) Partially dissolved or water insoluble (25 ºC; 1 atm)…go to 3

3. The solid phase material(s) / ingredient components:
a) are intentionally engineered (1) to have novel/enhanced properties, (2) superior 

performance relative to existing convention or (3) by a novel/advanced process (e.g., 3-D 
printing)…go to 7

b) do not individually have intentional novel/enhanced properties and/or is made by 
conventional methods…go to 4

7. The material is intentionally engineered:
a) To have novel or enhanced properties (e.g., size, surface area, reactivity, etc.)…go to 9
b) By a novel process…go to 8

9. Advanced material
a) Is an advancement or improvement of an existing technology/application…go to 10
b) Is a completely new concept, paradigm…go to 10

10. Advanced material novel/enhanced properties
a) Come from 1-100 nm size…Nano-enabled technology material…go to 11
b) There are no nano-scale dimensions

10

Provides process for determining material categories, EHS risk prioritization
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MCDA: consider 
more factors
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Cement Mortar
DURABLILITY &  Release studies selection

Diamond et al., 2017, submitted

Scenario: Used in seawall; UV, 
weathering, abrasion 
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Cement Mortar
Tier 2 – Abrasion (after UV/weathering)

UV effect significant

Majority of particles > 500nm                        

Diamond et al., 2017, submitted

Portland No 
Weathering

TiO2 Mortar No 
Weathering

TiO2 Mortar 
Acid 

Weathering

TiO2 Mortar 
Carbonation

Methods: Monday presentation
Quantifying release of nano- and advanced materials
J. Brame, A. Poda, E. Alberts, C. Jackson, A. Kennedy
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Public-Private Partnership

Safe and Rapid Commercialization of Advanced Materials
How much of the life cycle is “nano”?

CNT 
Ink 

§ LCA environmental impacts are driven by energy and waste incineration (Chappe  
presentation, look for Tech Connect proceeding)

§ Test scenario: Sensor deployed in environment for 6+ months
§ Exposed to periodic rainfall and UV light exposure (protective casing)
§ Primary testing materials: (1) ink; (2) free printed sensor; (3) encapsulated sensor

Carbon Soot, 
solvent

Raw nanotube Manufactured 
by-product

End of 
use 

product
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Nanotube sensor
Tier 1: Background (Life Cycle Thinking)
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§ Scenario: 
► Sensor deployed in the 

environment for 6+ months
► Not submerged in water but 

exposed to periodic rainfall
► UV light exposure

§ Pristine material nano-scale?
► Yes, conductive properties

§ Product category
► 3A for printed sensor
► Ink itself is a fluid suspended 

nano-object
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Nanotube sensor
Tier 2 – Release studies selection

POC: Alan.J.Kennedy@usace.army.mil
601-634-3344

mailto:Alan.J.Kennedy@usace.army.mil


16

Nanotube sensor
Tier 2 – Release studies selection

UV

Thermal

Aging
Aqueous
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Number of test materials

PRIMARY TEST MATERIALS
1. CNT ink
2. Printed CNT sensor (CNTs 

exposed)
3. Actual humidity sensor 

product (CNTs 
encapsulated)

SECONDARY consideration 
§ Silver ink (used to 

encapsulate the CNTs).  Not 
specifically nano but Ag+ 
release will be monitored
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“So if this world starts getting you down
There's room enough for two (3 replicates), 
UP ON THE ROOF”
-- The Drifters
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ERDC Nano: http://el.erdc.usace.army.mil/nano/index.html
ERDC NanoExPERT: https://nanoexpert.usace.army.mil/

ERDC Video demos: http://www.youtube.com/channel/UCe3wh_zmg3FATtbs5bcwnew/playlists
ERDC Environmental Laboratory: http://el.erdc.usace.army.mil/index.cfm
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Point of Contact

§ Alan.J.Kennedy@usace.army.mil
§ 601-634-3344
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Brainstorming materials

NanoGRID
NanoNAVPAL

https://drive.google.com/open?id=0Bw
_7gDKP9Oj1T21XSjRLRnBkVXM

20
POC: Alan.J.Kennedy@usace.army.mil
601-634-3344

https://drive.google.com/open?id=0Bw_7gDKP9Oj1T21XSjRLRnBkVXM
mailto:Alan.J.Kennedy@usace.army.mil

	Health and Safety Screening of Advanced Materials:�A User Interface for Test Design, Selection and Documentation���
	Overview
	Are Advanced Materials Sustainable:�For Soldiers?  For the Environment?
	Slide Number 4
	What is Nano NAV-PAL?
	Nano DON’T!
	What is Nano?�…Advanced Materials?
	Categorical Exclusions �from Nano-specific release testing
	Photocatalytic Cement Mortar�Tier 1: Background, Life Cycle Thinking, �Characterization, Categorization
	Dichotomous key: Self cleaning cement
	Cement Mortar�DURABLILITY &  Release studies selection
	Cement Mortar�Tier 2 – Abrasion (after UV/weathering)
	Public-Private Partnership�Safe and Rapid Commercialization of Advanced Materials�How much of the life cycle is “nano”?�
	Nanotube sensor�Tier 1: Background (Life Cycle Thinking)
	Nanotube sensor�Tier 2 – Release studies selection
	Nanotube sensor�Tier 2 – Release studies selection
	Number of test materials
	Acknowledgments, POCs, questions
	Point of Contact
	Brainstorming materials

